Sliver separation is an essential operation in open-end spinning. Ideally, the sliver should be separated down to individual fibers, each of which is transported in a fully extended configuration. In reality, however, fiber behavior is far from ideal. Because yam properties are affected by the effective fiber length, alignment of fibers in the air flow should be achieved and maintained, and the fibers must be delivered onto the
spinning surface of the spinner in a parallel, well oriented condition. To obtain straight fibers in the air flow to the twisting process, the fibers must be removed in a straightened form, or straightened during removal, from the pin-clothing of the opening roller.
Many research workers have studied the state of fibers in rotor spinning and observed fiber behavior between the opening roller and rotor using different techniques. Nield [ 6 ) studied the effect of fiber separation, collection, and twisting operations on fiber configurations by comparing fiber shapes in the feed material with those found in spun yarn, using a tracer fiber technique on an OE rotor spinning machine. Chen [ 3 ] made a theoretical analysis of the possible forces acting on fibers during their transfer from the opening roller and of fiber trajectory in the transfer channel. He supported this theoretical analysis vi~ith high speed cinematography. Chattopadhyay [1] ] studied the pattern of hook extent distribution in the fiber ring produced in rotor spinning, using a tracer fiber technique to examine fiber configuration. Lawrence and Chen [5] ] studied fiber configurations found in open-end spinning during their transfer from the opening roller down the transfer channel to the rotor. They used high speed photography and developed a technique for quantifying fiber configurations in three-dimensional space. In another study, Lawrence and Chen [4] used high speed cinematography to examine the removal of fibers from the opening roller and their passage through the transfer channel during rotor spinning. They also analyzed the effects of the cross section of the transfer channel on fiber straightness.
From the existing literature, it is clear that different techniques can be used to study fiber configurations. Tracer fiber techniques are a cdmmonly accepted approach, and they have also been used to study fiber breakage during the opening stage in OE spinning [ 2, 7-9 J . But with these techniques, only about 0. I 96 of the fibers can be analyzed as tracers. In addition to this limitation, the physical properties of the tracer fibers may be affected by the process used to render them distinctive (typically dyeing). During the studies in which the fibers are classified according to their configurations by photographic techniques, the number of fibers in the cross section of the flow needs to be small to obtain clear photographs of the fiber shapes. The higher the fiber flux, the greater the difficulty in identifying fiber configurations. For these reasons, we have developed a different method for this study to analyze high speed films for alignment and straightness of fibers leaving the opening roller.
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MATERIALS
We used cotton (28.9 mm effective length and 1.31 1 dtex) and polyester (38.0 mm length and 1.50 dtex) fibers in the form of second draw frame slivers. The linear density of the slivers was 3.19 ktex for the cotton and 2.60 ktex for the polyester. The experimental rig consisted of feeding, opening, and air suction units. The feeding and the opening units were similar to those used on Platt Saco Lowell OE spinning machines, as shown in Figure 1 . Air suction was provided at the end of an extension piece connected to the &dquo;whistle,&dquo; which is a channel from the opening roller to the extension piece. The front wall of the whistle was made of transparent acrylic material, and the surface of the opening roller and the rear side of . the whistle were painted matt black to reduce optical reflections. Illumination was provided by a 10 watt copper-vapor laser (Oxford Lasers CU 10), which produces pulses of visible ( yellow / green ) light at repetition rates up to around 20,000 Hz. These were electronically synchronized with the camera to give a very short duration ( -1 5 ns) flash exposure of each cine frame, thereby providing the exceptional &dquo;motion stopping&dquo; capability required for successful photography of very small diameter fibers ( 15 nm) moving at speeds in excess of 20 m/ s. Ilford HP5 500 ASA black and white films were used throughout the tests.
ANALYSIS OF HIGH SPEED FILMS
Twelve high speed films were produced for this study, with the fiber, air flow, and opening roller speed conditions as shown in Table I . Air flow speeds were measured using a pitot tube and a manometer. The speeds given in Table I are for the center of the perpendicular plane in the extension piece, since the variation in the axial flow speed across its section, investigated by traversing the pitot tube, was negligible. High speed films were taken in the region where fibers leave the opening roller and in the following 28 mm of the flow path.
Each film consisted of 6000 frames and covered a period of about 0.3 seconds. During the study, we analyzed two hundred frames from each film using an analysis cine-projector. To indicate the degree of fiber straightness, we counted for each frame the number of intersection points of the fiber images with three straight lines drawn parallel to the nominal flow direction and dividing the frame into four equal areas, as shown for a typical film frame in Figure 2 . We calculated a mean number of intersections for each test condition filmed from two hundred frames. The smaller the mean number of intersections, the straighter and more aligned the fibers along the axis of air/fiber flow. For different opening roller speeds, the mean intersection number does not give a direct indication of FIGURE 2. Illustration of the intersection points of the fiber images with three straight lines. fiber straightness, as it is also a function of the number of fibers in the cross section. For this reason, we calculated I, as the ratio of the mean number of intersections to the number of fibers in the cross section just leaving the opening roller. I, may be written as where I is the mean intersection number and n is the number of fibers in the cross; section given by where Stex is the linear density of sliver (tex), Fix is the linear density of fiber (tex), Vo, is the circumferential speed of the opening roller ( m/s), and Vf, is the circumferential speed of the feeding roller ( m/ s ) .
An improvement would be to take account of fiber breakage during the opening process and recalculate the number of fibers; n may then be rewritten as where fb is the fiber breakage given by where L, is the mean fiber length in the sliver and L2 is the mean fiber length after the opening process.
The draft can be defined as the ratio of the speed of fibers leaving the opening roller to the speed of fibers 28 mm downstream from the opening roller. As an approximation, we may assume that the speed of the fibers at the different stages of the process is equal to the speed of the feeding roller, the opening roller, and the air flow in the extension piece (at 28 mm downstream from the opening roller), respectively. Draft ( V ) may therefore be approximated by where Vo, is the speed of opening roller ( m/ s ) and Va f is the speed of air flow after 28 mm from the opening roller (m/s). .. The ratio of the mean number of intersections to the number of fibers in the cross section (I.) shows a gradual increase with opening roller speed for constant air flow speed as shown in Figure 3 . The same ratio decreases with increased air flow speed at constant rofier speed, as shown in Figure 4 . The values in Table II show that the higher the draft, the lower the I, value. In other words, as the draft increases, the degree of fiber straightness improves along the axis of flow because the higher drafting forces produce wider differences between the speeds of the leading and trailing ends of the fibers. Coefficients of correlation calculated between draft and 1, are shown in Table III . From the high speed photographic records, we observed that fiber separation is influenced by the opening roller speed. At the low roller surface speeds used in the tests ( e.g., 13.04 and 16.30 m/ s ) , fiber flow was not completely uniform. Denser groups of fibers were interspersed with periods of lower fiber density. However, autocorrelation analysis did not reveal a simple relationship between the frequency of occurrence of fiber groups and opening roller rotational frequency. At constant air flow speed, as the speed of the opening roller is increased, fiber straightness and degree of alignment along the axis of flow deteriorate. At constant opening roller speed, as air flow speed increases, fiber straightness and degree of alignment along the axis of flow improve. We observed these trends for both cotton and polyester fibers.
Results and Discussion
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